Aim: Contamination of meat by heavy metals is a concern due to their possible toxicity and effects on human health. The present study was undertaken to determine the presence and concentration of iron (Fe), zinc (Zn), copper (Cu), calcium (Ca), manganese (Mg), lead (Pb), and cadmium (Cd) in the fresh and grilled beef sold by kebab sellers in East Legon.
Introduction
Kebab refers to a dish of pieces of meat, fish, or vegetables roasted or grilled on a skewer or split [1] . Kebab vending in cities and certain corners of Ghana has sprung up rapidly due to the benefits sellers and consumers obtained from the business. Shekhar [2] reported that street vending is an activity that has employed many, while providing nutritious, inexpensive, and ready-to-eat food to millions of workers. Foods sold by street vendors stand a high chance of being contaminated due to their extensive exposure to contaminants such as microorganisms and heavy metals found or floating in the air. These contaminants can end up in food, meat, or meat products unintentionally [3] . They may originate from the environment or during processing and have reached the environment as a consequence of human activity [3] .
Heavy metals have been defined based on their densities, atomic weights, atomic number, chemical properties, toxicity, and nomenclature. For instance, Duffus [4] indicated that density criteria range from above 3.5 g/cm 3 to 7 g/cm 3 and that of atomic weight definition range from higher than sodium (with an atomic weight of 22.98). According to the Environmental Protection Agency (EPA), heavy metals are metallic elements with a high atomic weight which can damage living things at low concentrations and tend to accumulate in the food chain [5] . These metals have maximum inclusion levels, and the amount of residue found in food must be safe for consumption and must be kept as low as possible.
The presence of heavy metals in meat degrades its quality, which eventually affects human health. The consumption of the contaminated food with heavy metals such as lead (Pb) and cadmium (Cd) at maximum levels can affect different organs and systems in humans including the peripheral and central nervous system, gastrointestinal tract, muscles, kidneys, liver, and hepatic system [6] . It can also lead to the development of neurological symptoms such as headaches, lethargy, fatigue, peripheral neuropathy, severe convulsions, and encephalopathy [6] . Ignorance on the part of consumers towards heavy metals and their effects increases the risk of humans to heavy metals poisoning. There is, therefore, the need to determine the presence of these heavy metals in meats and other food products sold in Ghana and the world at large. This will serve as a guide to help in various remediation activities and also to create awareness concerning its exposure and effects in relation to humans.
The objective of this study was to determine the presence and concentration of selected heavy metals (iron [Fe], zinc [Zn], copper [Cu], calcium [Ca], manganese [Mg], Pb, and Cd) in fresh and grilled beef sold by kebab sellers in East Legon, Accra.
Materials and Methods

Ethical approval
All samples were collected as per the standard sample collection procedure without harming humans or animals.
Study area
This study was conducted in East Legon, a suburb of Accra (capital of Greater Accra Region). It is 13 km northeast of the city center and occupies a total area of 4.95 km² [7] . East Legon is noted for its sophisticated modern low-rise apartment blocks and detached houses. The area is sparsely populated and occupied mainly by high-income groups and foreigners. East Legon is found on the eastern side of Legon, and it is a 16-min drive from airport city. Figure-1 shows a map of East Legon.
Sample collection and preparation for analysis
The grilled and fresh beef samples were obtained from three most popular kebab sellers (School Junction, Bawalashie, and Otano) in East Legon. 36 samples of beef were obtained, i.e., six raw beef and six grilled beef samples from each kebab seller. The various samples were packed using sterilized plastic bags and placed in an ice chest containing ice. The samples were transported immediately to the Food Research Institute (Council for Scientific and Industrial Research [CSIR]), Accra, for heavy metal determination.
Heavy metal determination
The heavy metal determination was carried out at Food Research Institute a branch of the CSIR in Accra. The determination of heavy metals was done according to Pequerul et al. [8] . Briefly, the samples were labeled appropriately and blended into smaller sizes. Samples were then oven dried at 600°C for 15 min to get rid of moisture and allowed to cool overnight. The ash residue was then subjected to wet digestion after cooling. The various ash residues were placed into labeled crucibles, and 2.5 ml of sulfuric acid was added into it. The crucibles were heated for 30 min and allowed to cool. After digestion, 10 ml of HNO 3 was added in dropwise until a clear solution was obtained. The content was then heated for 1 h and allowed to cool. The content in the crucibles was then filtered into a 50 ml volumetric flask and made up to the mark with distilled water. The content was heated for 15 min and allowed to cool. The resultant filtrate was then fed into a machine known as the Atomic Absorption Spectrometer to determine the presence and the concentration of the selected heavy metals.
Statistical analysis
Data obtained were subjected to the analysis of variance using ANOVA in GenStat Release 12 th Edition. Means were separated at 5% significance level.
Results
The study revealed the presence and absence of heavy metals in both the fresh and grilled beef samples. The concentration of heavy metals present varied among beef samples examined. Heavy metals quantified in beef samples were statistically significant (p<0.05%) among samples with the exception of Mg, and Pb and Cd which were not detected in any of the samples examined (Table-1 ). The concentration of Fe in beef samples collected was generally high compared to the other metals studied except Ca. Fresh beef samples obtained from Bawalashie had the highest concentration of Fe, while fresh beef samples obtained from Otano had the lowest concentration of Fe. The concentration of Zn was highest in fresh beef samples obtained from Bawalashie and the least concentration was observed in the grilled beef samples obtained from School Junction. The highest concentration of Cu was observed in the fresh beef samples obtained from School Junction, while the lowest concentration of Cu was observed in grilled beef samples collected from School junction. Ca had the highest concentration values compared to the other metals. The highest concentration of Ca was observed in grilled beef samples obtained from School junction. and the least concentration was observed in fresh beef samples obtained from School junction. The concentration of Mg was highest in fresh beef samples obtained from School junction and least in the grilled beef samples obtained from Otano.
Discussion
Cd was not detected in the fresh and grilled beef samples examined. The inability to detect Cd in the sample might be as a result of very low levels or absence of Cd in the meat samples collected. Adzitey et al. [9] reported on the absence of Cd in fresh and grilled beef samples obtained in Tamale, Ghana. Contrarily, Adetunjia et al. [10] found Cd in cattle liver, kidney, and muscles collected from a slaughter slab in Nigeria. Cd was also identified in exposed corned beef and chicken luncheon sold in Sulaymaniyah market [11] . The absence of Cd in the fresh beef samples showed that the animals were not exposed to Cd contaminants and Cd-containing feed.
Pb was also not detected in the fresh and grilled beef samples examined. The inability to detect Pb in the beef samples might also be as a result of very low levels or absence of Pb in meat samples collected. Landis and Yu [12] reported high levels of Pb which was due to the spices used during the processing of meatballs, corned beef, burger's beef, and sausages. Adetunjia et al. [10] also found Pb in cattle liver, kidney, and muscles collected from a slaughter slab in Nigeria. Adzitey et al. [9] reported the presence of Pb in both fresh and grilled beef sold in Tamale. The absence of Pb in the fresh meat indicates that animals were not exposed to water contaminated by Pb and Pb-containing feed.
The grilled beef samples collected from Bawalashie had higher concentrations of Fe, and the minimum concentration was observed in the fresh meat samples collected from Otano. The samples collected from the various kebab vendors showed higher levels of Fe in the grilled samples than the fresh meat samples collected. Increase in the concentration of Fe in the grilled meat samples obtained maybe as a result of spices used in seasoning the meat. Nkansah and Cosmos [13] in their study reported on the presence of Fe in local spices such as garlic, ginger, and pepper which are commonly used in kebab preparation. The iron concentration was 1.382±0.130, 2.881±0.131 and 4.942±0.200, for garlic, ginger and pepper, respectively [13] . The presence of Fe in the fresh samples also showed that the animals were exposed to feed containing Fe. The concentration of Fe detected in this study as shown in Table- 1 ranged from 1.30 to 16.43 mg/kg. With the exception of the Fe concentration of fresh beef samples obtained from Otano and School Junction, the rest of the beef samples were within the recommended daily allowance of 15 mg per day as reported by Lenntech [14] . The concentration of Fe in beef samples examined in this study were lower than those reported by Iwegbue et al. [15] , for chicken meat, gizzard, and turkey meat consumed in Nigeria. Fe levels for chicken meat, gizzard, and turkey ranged from 22.07 to 97.72 mg/kg, 19.28 to 45.72 mg/kg, and 14.14 to 35.03, respectively [15] . Zn concentration was lowest in the grilled beef samples collected from School Junction and highest in the fresh beef samples collected from Bawalashie. Zn is an essential trace element for the livelihood of animals and humans. Zn concentration was high in fresh samples but reduced on grilling. Adzitey et al. [9] reported on high Zn concentration in fresh beef samples relative to their corresponding grilled samples. Too little Zn can cause problems and too much Zn is harmful to human health [16] . The presence of Zn in the fresh meat samples indicated that animals were exposed to Zn before slaughtering, either through inhalation or ingestion. According to the Agency for Toxic Substances and Disease Registry [16] , Zn is said to be the most common element found in the earth's crust and it is found in the air, soil and water, and presents in all foods. Zn concentration in this study ranged from 0.05 to 0.27 mg/kg which is very low as compared to the recommended daily allowance of 60 mg/ day as indicated by Koréneková et al. [17] .
Ca is an essential mineral for both animals and humans. Too little Ca may result in Ca deficiency which causes many bone diseases. The highest concentration of Ca in samples collected was observed in the grilled beef samples obtained from School Junction, whereas the lowest concentration was seen in the fresh beef samples obtained from Bawalashie. Results in Table-1 showed an increase in Ca concentration on grilling. The presence of Ca in the fresh meat samples indicate that animals were exposed to Ca before they were slaughtered. Ca concentration ranged from 51.75 to 90.83 mg/kg. This range is below the recommended dietary allowance reported by The Institute of Medicine [18] . According to The Institute of Medicine [18] , the recommended dietary allowance for Ca for ages 0-12 months range from 200 to 260 mg/kg; for ages 1-8 years, it ranges from 700-1300 mg/kg; for ages 9-18 years, the recommended dietary allowance is 1300 mg/kg; and from ages 19 to 70 years, the recommended dietary allowance ranges from 1000 to 1200 mg/kg.
The fresh beef samples contained the highest concentrations of Cu compared to grilled samples. Adzitey et al. [9] reported a decrease in Cu levels on grilling in guinea fowl samples obtained from Aboabo. Adzitey et al. [9] also reported on a decrease in Cu levels in samples obtained from Tishegu and an increase in Cu concentration upon grilling in samples obtained from Victory Cinema. This could be attributed to the fact that animals were exposed to Cu-containing feed and drinking water contaminated by Cu before slaughtering. The levels of Cu observed in both the fresh and grilled beef samples collected from the three kebab vendors fell within the recommended daily allowance of 2 mg as reported by Lenntech [14] and as little as 10 mg of Cu can have a toxic effect [14] . According to the World Health Organization [19] , the recommended dietary allowance for adults is 0.9 mg/day. From this study, Cu found in beef samples collected from Bawalashie, Otano, and School Junction were below the maximum permissible limits or recommended daily allowance. The concentration levels of Cu in this study was found to be higher than the Cu levels found in guinea fowl meat sold in Tamale as reported by Adzitey et al. [9] . Adzitey et al. [9] reported Cu levels of 0.0498-0.0882 mg/kg which is lower than the levels found in this study.
The highest concentration of Mg was found in the fresh beef samples collected from School Junction and the lowest was found in the grilled beef samples collected from Otano. The presence of Mg in beef meat samples might be as a result of salt and spices used in seasoning the meat before grilling. The recommended daily intake of Mg is 5 mg [14] . The Mg levels in this study were found to be lower than the tolerance intake for humans.
Conclusion
Beef samples contained the heavy metals analyzed for including Fe, Zn, Cu, Ca, and Mg except Cd and Pb which was absent. This suggested that animals were not exposed to harmful or toxic trace elements during feeding or the procedure involved in processing beef was not exposed to Pb or Cd contamination. The concentration of heavy metals detected varied. Concentrations of all the trace elements detected were below or fell within consumable limits. Hence, the grilled beef products sold in East Legon is wholesome for consumption in terms of Cu, Mg, Ca, Zn, and Fe. Nevertheless, to meet the daily requirement for Fe, Zn, and Ca additions must be acquired from other food sources.
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